Introduction
While most engineers are familiar with regularperturbations, only a few have heard of singular perturbations. This is a serious deficiency, because all real dynamic systems are, in fact, singular perturbations of their simplified models used in engineering analysis and design. Examples abound in every discipline dealing with dynamic systems. Electronic circuits are designed neglecting high-frequency parasitics, flexible mechanical links are assumed to be rigid, small delays are ignored, and many other ways are found to reduce the order and complexity of dynamic models.
Engineers justify such simplifications as practical necessities but often lack tools to assess their impact on the performance of designed systems.
In the case of regular perturbations. the impact of parameter variations on system performance can be assessed by a standard sensitivity analysis, based on differentiability of system states with respect to parameters. So, if the variation of a parameter! say a resistor R. is 2 percent, its impact on a certain signal y(t, R ) is approximated by 0.02R dy(t, R)/dR, where dJ(t, R)/dR is the corresponding sensitivity function. It would seem that, if a small inductance L, neglected in the model, is present in the real system, its Discontinuous dependence of system properties on parameters is not a mathematical fiction but an essential mechanism for order reduction of dynamic models.
Neglecting L in a simple RL circuit reduces it to an R circuit without dynamics. This change from a dynamic to a nondynamic model is more abrupt and more fundamental. and the impact of a singular perturbation is less easily predictable than that of a regular perturbation. It requires a set of new tools developed in the reprints collected in this volume.
The reprints in this collection are organized in eight parts according to their topics, starting with a survey part. An Introduction summarizes the development in the last 15-20 years. During this period, applications of singular-perturbation techniques have been growing at a rapid rate. This is evidenced by hundreds of references in the two papers in the Introduction, only a few of which could be incorporated into this volume. They motivate a study of the papers in Part 11. which provide a necessary analytical foundation for the remaining six parts and can be followed with a basic knowledge of the theory of ordinary differential equations. These papers also survey some of the mathematical literature preceding and complementing the references surveyed in this part,
The essence of the theory in Part II is that the discontinuity of solutions caused by singular perturbations can be avoided if analyzed in separate time scales. This multitiite-scale approach is a fundamental characteristic of singular-perturbation methods. Borrowing a terminology from fluid mechanics, fast transients are treated as boundap layers because, in most cases: they occur near endpoints (;'inner" parts) of the timedomain trajectory. The remaining "outer" part of the trajectory represents the slow phenomena.
Stabilit). is among the most important system properties. It is analyzed in Part III by a decomposition into slow and fast subsystems. Preservation of stability and other properties in the presence of singular perturbations is a robustness quality every well-designed engineering system must possess. Examples in this part include electric machines and adaptive systems. Contributions of singular-perturbation techniques to large-scale system modeling in Part IV are based on a discovery that sparsity and time scales are two intimately related properties. Typical examples are electrical networks and Markov chains, for which a computer-aided modeling procedure has already been developed.
While Parts 11.111. and IV deal with analysis and modeling issues, the remaining four parts present design methods. Part V shows how near-optimal trajectories can be obtained in separate time scales by asymptotic expansions. Typical applications in this part include flight-path optimization and optimal aerodynamic and thrust magnitude control. Part VI specializes these results to linear optimal controls, singular controls. and high-gain feedback systems. Feedback design is the main topic of Part VII. where near-optimal nonlinear regulators are designed in two stages. Finally. stochastic filtering and control problems are considered in Part VIII.
Among the topics not included in this volume are singular systems, averaging and homogenization methods, and stochastic asymptotic methods. Each of these areas deserves a separate volume. Also omitted are systems described by partial differential equations, on which there exists a rich literature.
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